The frequency dynamics of gain-switched single-mode semiconductor lasers subject to optical injection is investigated. The requirements for low time jitter and reduced frequency chirp operation are studied as a function of the frequency mismatch between the master and slave lasers. Suppression of the power overshoot, typical during gain-switched operation, can be achieved for selected frequency detunings.
Introduction
Gain-switched pulses from single-mode semiconductor lasers are used in a variety of applications. In optical communication systems working at high bit rates, narrowband spectra under fast current modulation and low time jitter at the detection end are required 1]. Several mechanisms have been designed to provide such characteristics, including mode locking to an external cavity 2], optoelectronic feedback 3], self-seeding 4] and optical injection 5, 6] . Optical narrowband injection, usually from a similar master laser, seems to be the most promising technique for controlled, low jitter, single frequency pulse generation from laser diodes. While good performance of the injectionlocked lasers at moderate injection levels was early demonstrated 7, 8, 9] , only more recently the possibility of injecting a considerable amount of light into the active region of the laser structure has allowed to obtain extremely high repetition rates in the pulsed operation, with narrow spectra and wide eye openings 10, 11, 12, 13] .
The frequency dynamics during the turn-on of a solitary semiconductor laser was considered in 14, 15] . In that case, the evolution of carrier and photon populations is decoupled from the phase evolution. The instantaneous frequency follows the carrier dynamics through the linewidth enhancement factor , responsible for both the linewidth broadening which appears in steady-state operation and the frequency chirp observed during current modulation of the laser diode. The dynamics of an optically injected semiconductor laser is far more complex than that of a free-running laser, because the relevant variables intensity, phase and carrier number are nonlinearly coupled. Instabilities can occur even when the master and slave frequencies are perfectly matched, due to the depressed carrier number induced by optical injection. The DC biased slave laser exhibits several behaviors depending on the injection level and the frequency mismatch between the two lasers, including steady- Our aim is to provide a framework where the frequency dynamics of the optically injected laser can be elucidated, in the strong dynamical conditions following the laser switch-on. Attention is focused on the ability of the slave laser to lock at the master frequency. The paper is organized as follows. In section 2, a transient potential for the eld components is introduced which is useful to understand the frequency dynamics during the rst stages of the light intensity build-up. The relaxation of the slave output to a possible steady-state and the conditions for which the power overshoot and the frequency chirp can be e ciently suppressed are studied. The timing information is analyzed in section 3, where strong links between the turn-on time statistics and the frequency dynamics appear. Finally, some general conclusions are drawn in section 4.
Frequency dynamics
Under optical injection, some amount of the output power launched from a master laser enters the cavity of the slave laser at the laser facet with re ectivity R 2 . When a single-mode semiconductor laser is considered, the eld rate equations for the amplitude of the optical eld and the carrier number in the active region of the slave are 28] 
The optical eld E(t) is normalized in such a way that jE(t)j 2 gives the photon number inside the laser cavity. Typical numerical values assigned to the parameters are listed in 
In these steady-states, the laser oscillates at the same frequency of the master laser, and the slave laser is said to be locked. In the present section, the interest is concentrated on the relaxation to a steadystate following a gain-switch. The laser is initially below threshold with an injection current C b . The laser is suddenly switched on by means of an increase of the driving current to C on . In our numerical simulations, C on is 2.1 times above its threshold value, C th . Di erent turn-on situations are analyzed based on the previously described operation, this locking range is asymmetric and favorable to negative detunings. The low carrier population, induced by a high intensity level, leads to a preferred emission at reduced frequencies. The reader will appreciate that the dynamical locking range is broader than the stable locking range (about 25 GHz). This remarkable fact is a result of the whole turn-on process, which include stages of low intensity and thus allows wide locking regimes (see equation (6)).
Jitter and dynamical locking
In this section, the turn-on time statistics is analyzed in terms of the results obtained in section 2 on the frequency dynamics. In the solitary laser, the turn-on is triggered by spontaneous emission random events, which lead to an important dispersion of turn-on times and to a broadening of the corresponding probability density function (PDF). The variance in the PDF of turn-on times can be considerably reduced when the turn-on process is triggered by a deterministic seed instead of the random noise. This reduction of jitter in the presence of a weak optical els was analytically studied 
